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7KH &ORXG 0DQXIDFWXULQJ SDUDGLJP LV RQH RI WKH PRVW
LQQRYDWLYH .H\ (QDEOLQJ 7HFKQRORJLHV .(7V IRU PRGHUQ
PDQXIDFWXULQJLQGXVWU\DQGLVFODLPLQJLQFUHDVLQJDWWHQWLRQLQ
PDQXIDFWXULQJ UHVHDUFK >@&ORXG WHFKQRORJLHV SURYLGH DQ
HQYLURQPHQW WR FRQQHFW DQG VKDUH GLVWULEXWHG PDQXIDFWXULQJ
UHVRXUFHVLQFOXGLQJNQRZOHGJHFRPSXWLQJDQGVRIWZDUHWRROV
DV ZHOO DV SK\VLFDO UHVRXUFHV YLD WKH ,QWHUQHW QHWZRUNLQJ





GLIILFXOWWRPDFKLQH PDWHULDOV 7KH IUDPHZRUN LV FRQILJXUHG
ZLWKSDUWLFXODUUHIHUHQFHWRWRROFRQGLWLRQPRQLWRULQJZKLFKLV
DFULWLFDOLVVXHZKHQFXWWLQJORZPDFKLQDELOLW\PDWHULDOVGXHWR
WKH UDSLG GHYHORSPHQW RI WRRO ZHDU DQG WKH XQSUHGLFWDEOH
RFFXUUHQFHRIFDWDVWURSKLFWRROIDLOXUH>@
7KH GHYHORSPHQW RI VPDUW PRQLWRULQJ SURFHGXUHV FDQ
VLJQLILFDQWO\ LQFUHDVH SURGXFWLYLW\ DQG UHGXFH WRRO FRVWV
RSWLPL]LQJ WRRO OLIH E\ LPSOHPHQWLQJ FRQGLWLRQEDVHG WRRO
UHSODFHPHQWVWUDWHJLHVLHE\UHSODFLQJWRROVRQO\ZKHQWKH\
DUHFORVHWRHQGRIOLIHLQVWHDGRIFRQVHUYDWLYHWLPHEDVHGWRRO




7KLV ZRXOG DOORZ WR HQKDQFH WKH SHUIRUPDQFH RI
PDQXIDFWXULQJ SURFHVVHV LQ WKH SHUVSHFWLYH RI ]HUR GHIHFW
PDQXIDFWXULQJ DQG WR VXSSRUW WKH UHOLDEOH DXWRPDWLRQ RI
PDQXIDFWXULQJV\VWHPVYLDVPDUWV\VWHPDGDSWDWLRQ>@









WR WKH PDFKLQH WRRO QXPHULFDO FRQWURO LPSURYLQJ WKH
UREXVWQHVVDQGDGDSWDELOLW\RISURFHVVHVDQGV\VWHPV
$FFRUGLQJ WR WKH SURSRVHG FORXG PDQXIDFWXULQJ EDVHG
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PRQLWRULQJIUDPHZRUNWKHFRPSXWLQJDQGVHUYLFHUHVRXUFHVLQ
WKHFORXGDUHFRQQHFWHGWRWKHSK\VLFDOSURGXFWLRQGHYLFHVLH




















7KH FORXGPDQXIDFWXULQJ IUDPHZRUNGHYHORSHG WR UHDOL]H
RQOLQHVPDUWSURFHVVPRQLWRULQJGXULQJPDFKLQLQJRIGLIILFXOW
WRPDFKLQHPDWHULDOVLVEDVHGRQWKHDUFKLWHFWXUHVKRZQLQ)LJ
 7KH FRPSXWLQJ DQG VHUYLFH UHVRXUFHV LQ WKH FORXG DUH
FRQQHFWHG WR WKH SK\VLFDO UHVRXUFHV PDFKLQH WRRO VHQVRU
V\VWHPUHDOLVLQJDFRPSOH[F\EHUSK\VLFDOV\VWHPZKLFKFDQ
EH GHILQHG DV D ³SK\VLFDO DQG HQJLQHHUHG V\VWHP ZKRVH







7KLV VWUXFWXUH DOORZV WR VKDUH WKH FRPSXWDWLRQDO HIIRUW
EHWZHHQ GLIIHUHQW UHVRXUFHV ZKLFK FDQ EH JHRJUDSKLFDOO\
GLVWULEXWHGDQGPDQDJHGE\GLYHUVHDFWRUV
7KHSK\VLFDOUHVRXUFHVDQGWKHORFDOVHUYHUDUHERWKLQFOXGHG




FRPSDQ\ SULYDWH FORXG RU RXWVLGH WKDW ERXQGDU\ SXEOLF
FORXGUHTXLULQJKLJKHUSURWHFWLRQRIGDWD'LIIHUHQWPHWKRGV
FDQEHDGRSWHGWRFRQQHFWPDFKLQHVORFDOVHUYHUDQGSURYLGHU
FORXG DQG WKH\ PXVW EH VHOHFWHG EDVHG RQ VWDELOLW\ VSHHG










7KH V\VWHP LV HPSOR\HG WR FROOHFW LQ UHDO WLPH GXULQJ
PDFKLQLQJ PXOWLSOH VHQVRU VLJQDOV WKDW FRQWDLQ UHOHYDQW
LQIRUPDWLRQWRXVHDVLQSXWIRUWKHGLDJQRVLVRQWRROFRQGLWLRQV
7KHFRPSXWLQJWDVNVUHODWHGWRVHQVRUVLJQDOSUHSURFHVVLQJ
DUH DVVLJQHG WR WKH ORFDO VHUYHU 7R VXSSRUW KLJK FRPSXWLQJ
SRZHU WKH ORFDO PDFKLQH ZRUNV DV GDWD EXIIHU DQG SUH
SURFHVVHVWKHGDWDLQWRVWDQGDORQHGDWDSDFNDJHVVHQVRUVLJQDO
VHJPHQWVZKLFKDUHVHQWWRWKHFORXGRYHUWKHQHWZRUN>@




7KH FORXG VHUYHU UHFHLYHV WKH SUHSURFHVVHG VHQVRU VLJQDO
VHJPHQWVFDUULHVRXWWKHH[WUDFWLRQRIUHOHYDQWVLJQDOIHDWXUHV
DQG SHUIRUPV WKH UHTXLUHG GLDJQRVLV RQ WRRO FRQGLWLRQV
GHWHFWLQJ IDXOWV VXFK DV FDWDVWURSKLF WRRO IDLOXUH WKURXJK D
NQRZOHGJH EDVHG DSSURDFK DV ZHOO DV HVWLPDWLQJ FRQVXPHG
WRROOLIHWKURXJKFRJQLWLYHSDWWHUQUHFRJQLWLRQSDUDGLJPV$IWHU
WKH FRPSXWLQJ WDVN LV FRPSOHWHG WKH FORXG VHQGV EDFN WKH
GLDJQRVWLF RXWSXW WR WKH ORFDO VHUYHU ZKLFK XWLOLVHV WKH
GLDJQRVLVUHVXOWDVLQSXWDQGUHIHUHQFHIRUGHFLVLRQPDNLQJRQ
FRUUHFWLYH DFWLRQV %DVHG RQ WKH FORXG GLDJQRVLV RQ WRRO
FRQGLWLRQV WKH ORFDO VHUYHU PD\ VHOHFW DFWLRQV VXFK DV WRRO
UHSODFHPHQW SURFHVV KDOWLQJRU SDUDPHWHUV FKDQJH DQG VHQG
WKH QHFHVVDU\ FRPPDQGV GLUHFWO\ WR WKH &1& PDFKLQH WRRO
FRQWURO$Q\FRUUHFWLYHDFWLRQLVGLVSOD\HGRQWKHORFDOWHUPLQDO
IRU YLVXDOL]DWLRQ E\ WKH RSHUDWRU DQG SURSHU ZDUQLQJ LV
GLVSOD\HGLQFDVHKXPDQLQWHUYHQWLRQLVUHTXLUHG
3K\VLFDOUHVRXUFHVPXOWLVHQVRUPRQLWRULQJV\VWHP





HPSOR\PHQW RI D PXOWLSOH VHQVRU V\VWHP WR RYHUFRPH WKH
OLPLWDWLRQVRIDVLQJOHVHQVRUDQGWRUHDOL]H WKHVHQVRUIXVLRQ
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FRPPRQO\ XWLOL]HG VHQVRUV IRU RQOLQH PHDVXUHPHQW GXULQJ
PDFKLQLQJ LQFOXGH IRUFH WRUTXH SRZHU DFRXVWLF HPLVVLRQ
YLEUDWLRQ DQG WHPSHUDWXUH VHQVRUV 7KH SURSRVHG FORXG
PDQXIDFWXULQJIUDPHZRUNIRUVPDUWPRQLWRULQJRIPDFKLQLQJ
LV EDVHG RQ WKH HPSOR\PHQW RI D PXOWLSOH VHQVRU V\VWHP
FRPSULVLQJDWULD[LDOIRUFHVHQVRUDQDFRXVWLFHPLVVLRQVHQVRU
DQG DYLEUDWLRQ VHQVRUPRXQWHG LQ WKHSUR[LPLW\RI WKH WRRO








7KH ORFDO VHUYHU LQ WKH PLGGOH OD\HU LV LQVWDOOHG DQG
FRQILJXUHG WRFDUU\RXW WKHSUHSURFHVVLQJRI VLJQDOVFRPLQJ




DPSOLILFDWLRQ $' FRQYHUVLRQ DQG VHJPHQWDWLRQ 2QO\ WKH
UHOHYDQWSDUWRIWKHVLJQDOVDFTXLUHGGXULQJPDFKLQLQJLVWDNHQ
LQWR IXUWKHU FRQVLGHUDWLRQ UHPRYLQJ DLU FXW RU WUDQVLHQW
FRQGLWLRQV>@
7KHSUHSURFHVVHGDQGVHJPHQWHGVLJQDOVDUHEXIIHUHGE\WKH
ORFDO VHUYHU DQG GHOLYHUHG YLD ,QWHUQHW SURWRFROV WR WKH RQ
GHPDQGZHEEDVHGFORXGVHUYLFHV\VWHPDFFRUGLQJWRWKHQHHGV
RI WKH FORXG VHQVRU PRQLWRULQJ SURFHGXUH 7KH +\SHU 7H[W
7UDQVIHU3URWRFRO+773ZKLFKLVDZLGHVSUHDGSURWRFROIRU
ZHEEDVHGDSSOLFDWLRQVKDVEHHQVHOHFWHGIRUGDWDWUDQVPLVVLRQ
WR WKH FORXG VHUYHU 7KH GDWD EXIIHU OHQJWKPD\ EH GLIIHUHQW
GHSHQGLQJ RQ WKH UHTXLUHPHQWV RI WKH VSHFLILF DOJRULWKP WR
ZKLFKWKHVLJQDOVHJPHQWVDUHLQSXWWHG
:KHQ WKH FORXG VHUYHU FRPSOHWHV WKH GLDJQRVLV RQ WRRO
FRQGLWLRQVDQGIRUZDUGVLWWRWKHORFDOVHUYHUWKHODWWHUVHOHFWV
WKH SURSHU FRUUHFWLYH DFWLRQ WR EH WDNHQ EDVHG RQ WKH FORXG
VHUYHUGLDJQRVLVRXWSXWDVZHOODVRQWKHVSHFLILFDWLRQVDERXW
SURFHVVHVWRROVDQGZRUNPDWHULDOVVWRUHGLQWKHORFDOGDWDEDVH
&RUUHFWLYH DFWLRQV PD\ LQFOXGH SURFHVV KDOWLQJ WRRO
UHSODFHPHQWRUSDUDPHWHUVFKDQJHWKHSURSHUFRPPDQGVXFK
DVSURFHVVKDOWLQJRUSDUDPHWHUVFKDQJHLVGLUHFWO\VHQWIURP
WKH ORFDO VHUYHU WR WKH &1& FRQWURO0RUHRYHU WKH VHOHFWHG
DFWLRQFDQEHYLVXDOL]HGRQWKHORFDOWHUPLQDOWRPDNHWKHXVHU
DZDUHRI WKHFRQWURODFWLRQV WDNHQDXWRPDWLFDOO\E\ WKH ORFDO
VHUYHU ,Q WKH FDVH RI WRRO UHSODFHPHQW WKH ORFDO WHUPLQDO




DQG FRJQLWLYH SDUDGLJPV DEOH WR PDNH D GLDJQRVLV RQ WRRO
FRQGLWLRQVEDVHGRQWKHDFTXLUHGVHQVRULDOGDWD









NQRZOHGJH EDVHG DOJRULWKP ZKHUHDV WKH VHFRQG PRGXOH LV







5.1. Feature extraction and selection  
7KHH[WUDFWLRQRIUHOHYDQWIHDWXUHVUHODWHGWRWKHWRRODQGRU
SURFHVV FRQGLWLRQV IURP WKH DFTXLUHG VHQVRU VLJQDOV LV DNH\
LVVXH LQ PDFKLQLQJ PRQLWRULQJ V\VWHPV >@ 6HYHUDO
PHWKRGRORJLHV IRU VHQVRU VLJQDO IHDWXUH H[WUDFWLRQ DUH
DYDLODEOH EDVHG RQ VLJQDO UHSUHVHQWDWLRQV ERWK LQ WKH WLPH
GRPDLQ DQG LQ WKH IUHTXHQF\ GRPDLQ >@ ,Q WKLV FORXG
PDQXIDFWXULQJIUDPHZRUNVHQVRUVLJQDOIHDWXUHVPDLQWDLQLQJ
WKHUHOHYDQWLQIRUPDWLRQDERXWWKHSURFHVVZLOOEHH[WUDFWHGLQ
WKH WLPHGRPDLQ DQG LQ WKH WLPHIUHTXHQF\GRPDLQ IURP WKH
SUHSURFHVVHGVHQVRULDOGDWDFRPLQJIURPWKHORFDOVHUYHU
7KH PHWKRGRORJ\ IRU WKH GLDJQRVLV RQ FDWDVWURSKLF WRRO
IDLOXUHLVEDVHGRQWKHH[WUDFWLRQRIVWDWLVWLFDOIHDWXUHVIURPWKH
VHQVRU VLJQDOV LQ WKH WLPHGRPDLQZKHUHDV WKHPHWKRGRORJ\
IRUWKHGLDJQRVLVRIFRQVXPHGWRROOLIHLVEDVHGRQVHQVRUVLJQDO
IHDWXUHV H[WUDFWHG LQ WKH WLPHIUHTXHQF\ GRPDLQ WKURXJK
:DYHOHW3DFNHW7UDQVIRUP:37>@
)HDWXUH VHOHFWLRQ LV WKHQ FDUULHG RXW WR VHOHFW RQO\ WKH
UHOHYDQWIHDWXUHVWKDWFDQEHFRUUHODWHGWRWKHWRROFRQGLWLRQV







5.2. Knowledge-based CTF detection 
7KH ILUVW PRGXOH IRU WKH GLDJQRVLV RI WRRO FRQGLWLRQV LV
IRFXVHG RQ LGHQWLI\LQJ WKH RFFXUUHQFH RI FDWDVWURSKLF WRRO
IDLOXUH&7)WKURXJKDNQRZOHGJHEDVHGGHWHFWLRQDOJRULWKP








,Q WKH OLWHUDWXUH VRPH PHWKRGRORJLHV WR GHWHFW WKH
RFFXUUHQFH RI &7) KDYH EHHQ SURSRVHG ZLWK SDUWLFXODU





 PV RI PDFKLQLQJ DUH VHTXHQWLDOO\ SURFHVVHG WR H[WUDFW
VHOHFWHGVLJQDO IHDWXUHVHJVLJQDOPHDQYDULDQFHPD[PLQ
UDQJHXVHIXO IRU&7)HYHQW LGHQWLILFDWLRQ WKHVH IHDWXUHVDUH
LQSXWWRDNQRZOHGJHEDVHGDOJRULWKPWKDWFRPSDUHVWKHIHDWXUH
YDOXHVZLWKSUHYLRXVO\VSHFLILHGWKUHVKROGVIRU&7)GHWHFWLRQ
7KH ORJLF VFKHPH RI WKH NQRZOHGJHEDVHG&7) GHWHFWLRQ
SURFHGXUHLVVKRZQLQ)LJ6HQVRUVLJQDODUUD\VFRQWDLQLQJ
 VDPSOLQJV RI HDFK VLJQDO DUH VHTXHQWLDOO\ EXIIHUHG DQG
GHOLYHUHG LQ LQSXW WR WKH &7) GHWHFWLRQ DOJRULWKP IRU D































GRHV QRW \HW DOORZ IRU ODWHQF\ WLPHV DV ORZ DV PV+RZHYHU
VLJQLILFDQW HIIRUWV DUH PDGH WRGD\ WR DFKLHYH KLJK VSHHG
FRPPXQLFDWLRQZLWK H[WUHPHO\ ORZ ODWHQF\ WLPHV ORZHU WKDQ
PV DWWDLQLQJ WKH VRFDOOHG 7DFWLOH ,QWHUQHW >@ 8QGHU WKHVH
FRQGLWLRQVWWRWFDQEHUHGXFHGWRDVORZDVPVRUORZHU>@






5.3. Neural network based tool wear pattern recognition  
7KH VHFRQG FORXG VHUYLFH PRGXOH LV GHGLFDWHG WR WKH
GLDJQRVLV RQ FRQVXPHG WRRO OLIH WKURXJK DQ DUWLILFLDO QHXUDO
QHWZRUN11EDVHGSDWWHUQUHFRJQLWLRQSURFHGXUH
7KHNQRZOHGJHEDVHG11SDUDGLJPUHTXLUHVWKHFUHDWLRQRI
D FRPSUHKHQVLYH WUDLQLQJ VHW WKURXJK D SUHOLPLQDU\
H[SHULPHQWDO FDPSDLJQ 7KH WUDLQLQJ VHW IRU 11 PDFKLQH













WKH RXWSXW OD\HU FRQWDLQLQJ RQO\ RQH QRGH SURYLGLQJ WKH
SHUFHQWDJHRIFRQVXPHGWRROOLIH
7KH /HYHQEHUJ0DUTXDUGW WUDLQHG DQG WHVWHG 11 LV
HPSOR\HG E\ WKH FORXG PDQXIDFWXULQJ VHUYHU WR SURYLGH D
GLDJQRVLVRXWSXWLQWHUPVRIHVWLPDWHGSHUFHQWDJHRIFRQVXPHG
WRRO OLIH EDVHG RQ WKH LQSXW FKDUDFWHULVWLF IHDWXUHV H[WUDFWHG
IURPWKHDFTXLUHGVHQVRUPRQLWRULQJVLJQDOV
)LJXUH  GHVFULEHV WKH 11 EDVHG FRQVXPHG WRRO OLIH
GLDJQRVLV SURFHGXUH 7KH ODWWHU LV EDVHG RQ VHQVRU VLJQDO
DFTXLVLWLRQRIWKHWKUHHFRPSRQHQWVRIWKHFXWWLQJIRUFH)[)\




WR WKH FORXG IRU WKH H[WUDFWLRQ RI UHOHYDQW VLJQDO IHDWXUHV
)HDWXUHV H[WUDFWLRQ DQG VHOHFWLRQ LV SHUIRUPHG E\ WKH FORXG
VHUYHU LQ WKH WLPHIUHTXHQF\ GRPDLQ YLD WKH:DYHOHW 3DFNHW
7UDQVIRUP:37PHWKRG>@









TXDOLW\ YDOXHV :KHQ PDFKLQLQJ VWDUWV WKH UHOHYDQW 11 LV
LGHQWLILHGDQGWKHVHQVRUVLJQDOGDWDDFTXLVLWLRQFRPPHQFHV
7KHIUHTXHQF\RIWKHWRROOLIHGLDJQRVLVORRSLVHTXDOWR
WLPHVHFRQG ZKLFK PHDQV WKDW WKH 11 WRRO OLIH SDWWHUQ
UHFRJQLWLRQSDUDGLJPPXVWWDNHDWLPHV
7KH RXWSXW RI WKH 11 WRRO OLIH GLDJQRVLV SDUDGLJP LV D
SHUFHQWDJH YDOXH UHSUHVHQWLQJ WKH HVWLPDWHG SRUWLRQ RI
FRQVXPHGWRROOLIH,IWKLVYDOXHLVWKHVXEVHTXHQWV
VLJQDOVHJPHQWLVSURFHVVHGDQGWKH11ORRSLVUHSHDWHG)RU




UHDFKHV  LHZKHQ WKHPD[LPXPDFFHSWDEOH WRROZHDU
OHYHO LV UHDFKHG DQG WKH WRRO PXVW EH UHSODFHG :KHQ WKLV
FRQGLWLRQ LV DWWDLQHG WKHGLDJQRVLV RXWSXW LV IHG WR WKH ORFDO
VHUYHU ZKLFK VHQGV DQ HPHUJHQF\ KDOWLQJ FRPPDQG WR WKH





0HDQZKLOH WKH LQLWLDO GDWDVHW XVHG IRU WUDLQLQJ WKH LQLWLDO
11LVPRGLILHG7KHQHZWRROOLIHVHWLVDGGHGWRWKHGDWDVHWIRU
11UHWUDLQLQJXVLQJ WKHH[SDQGHG WUDLQLQJVHW+RZHYHU WKH
QHZ WRRO OLIH VHW DGGLWLRQ LV FRQGLWLRQHG E\ WKHPHWURORJLFDO
YHULILFDWLRQWKDWWKHILQDOIODQNZHDUYDOXHRIWKHWRROLVLQDFWXDO




WKH &7) GHWHFWLRQ FDVH DQG FDQ EH HVWLPDWHG DURXQG  V
EHFDXVHWKHWRROOLIHGLDJQRVLVORRSZRUNVRQVLJQDOVHJPHQWV
RIVGXUDWLRQ+RZHYHUWKLVKLJKHUYDOXHRIWWRWLVVWLOODPSO\




PRQLWRU WKH PDFKLQLQJ SURFHVV VWDWXV GLVSOD\LQJ WKH FORXG



















ZD\V&7)GHWHFWLRQ LV LOOXVWUDWHG LQ WKH VWDWXVGLDJUDP UHG
OLQH ZKHUHDV WKH VXEVHTXHQW LQGLFDWLRQV RI HVWLPDWHG
FRQVXPHG WRRO OLIH LQ DUH VKRZQ LQ WKH 7RRO &RQGLWLRQ










LV WKH HQKDQFHG FRPSXWDWLRQ DQG GDWD VWRUDJH FDSDELOLW\
UHVXOWLQJ IURP WKH DYDLODELOLW\ RI GLVWULEXWHG UHVRXUFHV
LPSURYLQJWKHH[HFXWLRQHIILFLHQF\RIWRROFRQGLWLRQGLDJQRVLV
DQG HQDEOLQJ PRUH UREXVW GHFLVLRQPDNLQJ H[SORLWLQJ ODUJH
LQIRUPDWLRQDQGNQRZOHGJHVKDULQJ
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'LDJQRVLV RQ FRQVXPHG WRRO OLIH DQG WRRO EUHDNDJH
RFFXUUHQFHDUHRIIHUHGDVFORXGVHUYLFHVXVLQJDQDUFKLWHFWXUH
ZKHUH WKH FRPSXWLQJ DQG VHUYLFH UHVRXUFHV LQ WKH FORXG DUH
FRQQHFWHG WR WKH PDFKLQH WRRO UHDOLVLQJ D FRPSOH[ F\EHU
SK\VLFDOV\VWHP
7KH FORXG PDQXIDFWXULQJ VHUYHU RIIHUV D SURPSW RQOLQH
GLDJQRVLVRQWRROFRQGLWLRQVEDVHGRQVHQVRULDOGDWDDFTXLUHG
DWWKHIDFWRU\OHYHOWKURXJKNQRZOHGJHEDVHGDOJRULWKPVDQG









&7) HYHQW DQG WKH DFWXDO IHHG VWRS LQ WKH SURFHVV KDV EHHQ
HVWLPDWHG WREHDV ORZDVPVZKHUHDV WKH WLPHEHWZHHQ WKH
DFKLHYHPHQWRIFRQVXPHGWRROOLIHDQGWKHDFWXDOIHHGVWRS
LQWKHSURFHVVKDVEHHQHVWLPDWHGDURXQGV7KHVHWLPHVFDQEH
IXUWKHU UHGXFHGZLWK WKHDYDLODELOLW\RISURSHU LQIUDVWUXFWXUHV
DQGWKHGHYHORSPHQWRIQHZGDWDFRPPXQLFDWLRQPHWKRGV
7KH FORXGPDQXIDFWXULQJ IUDPHZRUNZLWK GLVWULEXWHG DQG
SDUDOOHO FRPSXWLQJ UHVRXUFHV FDQ VLJQLILFDQWO\ LPSURYH WKH
FRPSXWDWLRQDOHIILFLHQF\XVHIXO WRUHDOL]HUHDOWLPHFRQGLWLRQ
PRQLWRULQJ ,Q IXWXUH GHYHORSPHQWV WKH FORXG PRQLWRULQJ
VHUYLFHFRXOGEHH[WHQGHGWRVHYHUDOPDFKLQHVDQGPDFKLQLQJ









SURMHFW 5($/,60 ³5HDO7LPH ,Q6LWX 0RQLWRULQJ RI 7RRO
:HDULQ3UHFLVLRQ(QJLQHHULQJ$SSOLFDWLRQV´
7KH )UDXQKRIHU -RLQW /DERUDWRU\ RI ([FHOOHQFH RQ
$GYDQFHG 3URGXFWLRQ 7HFKQRORJ\ )K-B/($37 1DSOHV DW

















&ORXG 0DQXIDFWXULQJ $ 1HZ 6HUYLFH2ULHQWHG 1HWZRUNHG
0DQXIDFWXULQJ 0RGHO &RPSXWHU ,QWHJUDWHG 0DQXIDFWXULQJ 6\VWHPV

>@ 7DSRJORX 10HKQHQ - 9ODFKRX ( 'RXNDV00LODV 10RXUW]LV '
&ORXGEDVHGSODWIRUPIRURSWLPDOPDFKLQLQJSDUDPHWHUVHOHFWLRQEDVHGRQ
IXQFWLRQ EORFNV DQG UHDO WLPH PRQLWRULQJ $60(-RXUQDO RI
0DQXIDFWXULQJ6FLHQFHDQG(QJLQHHULQJ




EDVHG $GDSWLYH 3URFHVV 3ODQQLQJ &RQVLGHULQJ $YDLODELOLW\ DQG
&DSDELOLWLHVRI0DFKLQH7RROV-RI0DQXIDFWXULQJ6\VWHPV
>@ :DQJ/*LYHKFKL0$GDPVRQ*+ROP0$6HQVRU'ULYHQ'0RGHO
%DVHG $SSURDFK WR 5HPRWH 5HDO7LPH 0RQLWRULQJ &,53 $QQDOV 
0DQXIDFWXULQJ7HFKQRORJ\
>@:DQJ /  :LVH6KRS)ORRU $Q ,QWHJUDWHG $SSURDFK IRU :HEEDVHG
&ROODERUDWLYH0DQXIDFWXULQJ ,(((7UDQVDFWLRQVRQ6\VWHPV0DQDQG
&\EHUQHWLFV3DUW&$SSOLFDWLRQVDQG5HYLHZV
>@:DQJ / 2UEDQ 3 &XQQLQJKDP $ /DQJ 6 5HPRWH 5HDO7LPH &1&







0XOWLSOH 6HQVRU0RQLWRULQJ IRU 1L7L $OOR\0DFKLQDELOLW\ (YDOXDWLRQ
3URFHGLD&,53




>@:DQJ / *DR 5; 5DJDL , $Q ,QWHJUDWHG &\EHU3K\VLFDO 6\VWHP IRU
&ORXG0DQXIDFWXULQJ 3URF RI WKH $60( ,QWHUQDWLRQDO0DQXIDFWXULQJ
6FLHQFHDQG(QJLQHHULQJ&RQIHUHQFH06(&-XQH
>@0RQRVWRUL / &\EHUSK\VLFDO 3URGXFWLRQ 6\VWHPV 5RRWV ([SHFWDWLRQV
DQG 5	' &KDOOHQJHV 3URFHHGLQJV RI WKH WK &,53 &RQIHUHQFH RQ
0DQXIDFWXULQJ6\VWHPV3URFHGLD&,53




WRZDUGV&ORXGPDQXIDFWXULQJ &,53 -RXUQDO RI0DQXIDFWXULQJ 6FLHQFH
DQG7HFKQRORJ\±
>@5DMNXPDU5/HH,6KD/6WDQNRYLF-&\EHUSK\VLFDOV\VWHPVWKHQH[W






PXOWLVHQVRUV ,QWHUQDWLRQDO -RXUQDO RI0DFKLQH7RROV DQG0DQXIDFWXUH

>@-HPLHOQLDN.2WPDQ2&DWDVWURSKLF7RRO)DLOXUH'HWHFWLRQ%DVHGRQ
$FRXVWLF (PLVVLRQ 6LJQDO $QDO\VLV &,53 $QQDOV  0DQXIDFWXULQJ
7HFKQRORJ\
>@-HPLHOQLDN . 2WPDQ 2 7RRO IDLOXUH GHWHFWLRQ EDVHG RQ DQDO\VLV RI
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
>@%DOVDPR9&DJJLDQR$-HPLHOQLDN..RVVDNRZVND-1HMPDQ07HWL
50XOWL6HQVRU6LJQDO3URFHVVLQJIRU&DWDVWURSKLF7RRO)DLOXUH'HWHFWLRQ
LQ7XUQLQJWK&,53&RQIHUHQFHRQ0DQXIDFWXULQJ6\VWHPV3URFHGLD
&,53
>@1HXJHEDXHU5*OREDOWUHQGVDQGGHYHORSPHQWVLQSURGXFWLRQWHFKQRORJ\
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>@0RUJDQ-2¶'RQQHOO*(7KH&\EHU3K\VLFDO,PSOHPHQWDWLRQRI&ORXG
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